Introduction
Shifts in epidemiological profiles coupled with a global rise in the burden of chronic non-communicable diseases (CNCD) have lead to increased research attention on a possible relationship between these diseases and life-style, particularly food intake and physical activity 1 . Characterizing the pattern of food intake in a population is the swiftest way of identifying the risk of developing CNCDs secondary to diet. Given that current recommendations advise an active life style and control over food intake 2, 3 , validated instruments for assessing dietary patterns in the Brazilian population are needed.
Food frequency questionnaires (FFQ) have been described by many authors as the most suitable method of identifying and describing dietary patterns in epidemiological studies 4 due to their low cost and ease of use. Several previous attempts to devise an FFQ for use in the Brazilian adult population have been undertaken 5 . The first FFQ validated in Brazil was the instrument proposed by Sichieri & Everhart 6 , which was based on information gathered from the National Food Consumption and Family Budget Survey (ENDEF) carried out by the Brazilian Institute of Geography and Statistics (IBGE) between 1974 and 1975 . The list of foods included the 61 most-frequently consumed foods according to the ENDEF, plus 12 food items deemed by the authors as important in the contemporary Cad . Saúde Pública, Rio de Janeiro, 26 (11) :2196-2204, nov, 2010
Brazilian diet but not included in the original ENDEF list 7 .
Based on the Sichieri & Everhart 6 or food intake recorded among convenient samples of healthy individuals or groups with a specific disease, many questionnaires were developed in Brazil for application in interviews, as self-reports or over the Internet 8, 9, 10, 11, 12, 13, 14, 15 .
Recently, Fisberg et al. 16 reported the creation of an FFQ among a population-based sample from the municipality of São Paulo, Brazil. The final FFQ comprised a list of 59 food items for men, 60 for women and 60 for both genders, with four portion sizes (small, medium, large and extra-large).
The aim of the present study was to devise an FFQ specifically for assessing dietary intake of energy and macronutrients, based on food intake data from a probabilistic sample of adults from Niterói, Rio de Janeiro, Brazil.
Methods
The food intake data was drawn from the Nutrition, Physical Activity and Health Survey (PNAFS), a household survey involving a probabilistic representative sample of adults living in Niterói conducted in 2003. The procedures were approved by the Institutional Review Board of the Sergio Arouca National School of Public Health of the Oswaldo Cruz Foundation.
The municipality of Niterói in the metropolitan region of Rio de Janeiro covers a territory of 131km 2 containing 143,924 households with a total of 459,451 residents, consisting of 213,984 men and 246,467 women according to the 2000 Demographic Census 17 .
The main sampling characteristics of the PNAFS have been described elsewhere 18, 19 . Briefly, the sample was designed in three stages (census enumeration area -CEA, household and individual) using the inverse sampling technique 20 . For the first stage, 110 CEAs with probability proportional to its numbers of households were systematically selected after CEA frame ordering by mean household's head income that corresponds to an implicit CEA stratification by income. The second stage entailed selection, with equal probability, of the household addresses to be visited until 16 successful interviews were conducted per CEA. In the third stage, one adult (age ≥ 20 years) from each household was selected, with equal probability, from all those who met the inclusion criteria of the study. Using this approach, a total of 1,760 adults were selected to take part in the study.
In previous visits to each selected household, a pair of trained researchers explained the aims of the survey and the method of data collection. After obtaining the consent and signatures of the participants (free and informed consent term), the time and date of the initial survey was scheduled. On the scheduled day, information on the level of schooling, occupation and monthly household income was collected. Measures of body mass (kg) were taken using portable electronic scales (Soehnle, Murrhardt, Germany or Seca, Birmingham, UK), and stature measured (cm) on a portable stadiometer (Seca) 18 . The following day, the interviewer returned to the domicile to conduct the interview, in which interviewees retrospectively reported all activities carried out and food ingested over the past 24 hours (24-hour food recall -24hR). To facilitate the estimation of food portion sizes, the interviewer displayed photographs of foods from a photographic record used for dietary questionnaires 21 in addition to separate photographs of foods not contained in the photographic record but identified as frequently consumed in a pilot study. When a food item cited by the interviewee was not present in the photographic record, the photo of another item having a similar portion size to that consumed was used.
Data collection was performed throughout 2003 (January-December), divided evenly in terms of time, in order to have the CEA of all household per capita income deciles being interviewed in each survey period. This procedure was adopted in order to minimize the possible influence of seasonality on food intake among individuals of all social strata.
The foods consumed were transcribed to an electronic spreadsheet in the raw form in which they were reported by interviewees, and the nomenclature was later standardized after completion of the data collection.
The weight in grammes of foods and preparations reported in the 24hR were estimated based on the weight in grammes contained in the photographic record. When a food item cited was not present in the photographic record, its weight in grammes was determined by weighing the food item at the reference portion size indicated in the photographic record. The preparations not included in the photographic record (e.g. sardine pie, Piamontese rice, Italian type savory, sweet tart or pavé, jelly, cream of peas, icepops, etc.) were prepared at the Nutrition and Dietetics Laboratory of the Social Nutrition Departament, Fluminense Federal University, based on the reference portion in the photographic record.
The foods and preparations reported in domestic measures (spoonfuls, ladles, beakers, teacups etc.) were converted to grammes using the For preparations consumed outside the home setting (at restaurants, bar/cafés etc.) and for processed foods (such as biscuits, ready foods, yoghurts, wholemeal bread, low-fat/sugar products), the respective suppliers were contacted by phone, or their internet site accessed, in order to collect weight in grammes along with nutritional information whenever possible. When this information was not available, the recipe was prepared in the Nutrition and Dietetics Laboratory and the reported portion size was weighed.
After converting the measures of foods and preparations into grammes, the Nutrition Decision Support System 23 was used to convert these into energy, carbohydrate, fats and proteins values. Data for foods or preparations not contained in the program were sourced from tables of food chemical compositions in the following order: IBGE 24 , Franco 25 , Pinheiro et al. 22 , Philippi 26 , Ulene 27 or sourced from the nutritional information obtained in the laboratory as described above.
Of the 1,760 individuals recruited, data on 36 individuals could not be assessed (2 were fasting) giving a final sample of food intake data for 1,724 individuals (1.202 women). The sample weights were calculated as the inverse of the product of the inclusion probabilities in each stage and then they were calibrated by the integrated household weighting system to adjust for gender and age selection bias, a common occurrence in household surveys. This procedure ensured coherence of the estimates with known population totals for the post-strata formed by gender and age groups 28 .
A total of 1,282 foods were reported, grouped into 143 items (foods/groups) with common characteristics. The relative contribution of each food item in terms of total energy and macronutrient intake was calculated for each individual using the procedure described by Block et al 29 . This consisted of the ratio between estimated total energy or macronutrients of the food consumed and the estimated corresponding total in the population as a whole, calculated by tallying all portions of all foods ingested as set forth in the equation below:
where, CR i : is the relative contribution in percentage of energy or nutrient the food i (i ranging from 1 to 143) to total energy or nutrient; Nutr ijk : is the quantity of energy or nutrient of the portion k (k ranging from 1 to S ij ) of food i consumed by person j (j ranging from 1 to 1,724), and is set to zero if the person did not consume this food; S ij : is the total portions of food i which person j consumed;
Nutr ijk : is the total energy or nutrient of all portions of food i consumed by person j; and w j : is the calibrated sampling weight of person j.
All results in this study were obtained using the procedures of the SAS program, version 9.1 (SAS Inst., Cary, USA) for microcomputers, based on sampling weights and structural information from the sample design.
Results
The adult population of Niterói had a mean age (standard error) of 45.3 (0.6) and 43.0 (0.7) years, for men and women, respectively. Approximately 50% of the population were overweight (BMI ≥ 25 kg/m 2 ) and around 70% had finished at least first grade.
The most frequently consumed foods by adults included white rice (80.9%) and coffee (80.5%), followed by black beans (69.9%), refined sugar (63.8%) and bread rolls (57.5%). Whole milk (28.5%) was consumed by more adults than skimmed (13.2%) or semi-skimmed (9.4%) milk and 31.3% of the population consumed softdrinks. It is noteworthy that only five foods were reported by more than 50% of the population. All other foods were reported by less than a third of the population. Table 1 contains the list of food items that, taken together, account for approximately 90% of the total energy (90.2%), protein (93.2%), carbohydrate (89.4%) and fat (90.5%) intake of the adult population of Niterói. These results reveal that a group of 65 foods attains this percentage contribution of energy and macronutrients. Table 1 also shows median intake of each food in grammes, along with the equivalent number of portions in household measures.
Discussion
Gathering knowledge and monitoring dietary pattern of a population are important activities in societies undergoing socio-demographic changes which may have a significant impact on the diet of the population, as is the case for the Brazilian population. The FFQ is a valuable instrument for fast data collection on a large number of individuals. However, its use has been questioned especially given the low correlation of overall nutrient intake yielded by the FFQ compared with values from gold standard methods 30, 31 . This low correlation may be explained by several factors including the ability of interviewee to recall, the high daily variability in intake, and the complex nature of individual diets 32 . Countering this negative view surrounding the application of the FFQ, there is a consensus that current FFQs yield sufficiently valid information in etiological studies on food-related diseases 33 while the value of FFQ in determining risk levels in epidemiological screening surveys and in guiding public policy is acknowledged 34 . In spite of its limitations, the FFQ can prove of fundamental importance, although the application and use of the instrument should continue to be refined.
The first key aspect of an FFQ is the food items contained in its list of foods. This list should ideally be based on a representative sample of the dietary habits of different strata of the population, since variations in food intake with age, gender and schooling can affect the reproducibility and validity of an FFQ 4 . Indeed, the list of foods included in an FFQ determines its specificity for the population being assessed. The literature on the theme describes many FFQs which are only applicable for use in specific groups or that have been devised without proper validation. It is also not uncommon to see studies which, using a broad array of criteria attempt to adapt existing questionnaires, validated in other populations, for use in another specific population.
The sample used to generate the list of foods in the present study has advantages over other FFQs validated in Brazil in that it is representative of a particular population and has calibrated sample weights, which produce estimates that correct for the gender and age selection bias. This aspect is important in household surveys because it is extremely difficult to assess the same proportion of men and women, making data calibration of prime importance in achieving an accurate picture of the population. Apparently, only one other FFQ has been produced in Brazil using a representative sample of adults, in this case involving the Municipality of São Paulo 16 .
Another notable factor in this study concerns the fact that the data were collected throughout a one-year period, and included monthly assessment of all income brackets of the adult population. This strategy enabled seasonality of food intake to be taken into account, despite the theoretically low effect in Niterói owing to its relatively stable weather patterns. This contrasts with the climate in other regions of the country, particularly the South and Northeast regions of Brazil, where droughts mark periods of scarcity.
Another fundamental aspect in devising a list of foods for an FFQ is the number of foods included. The length of this list should be assessed carefully since excessively long questionnaires make the interview tiring 4 yet questionnaires which are too short may not adequately represent food intake 14 .
Many of the lists for the FFQs validated in Brazil have been described according to food groups. The approach of assessing the effects of food groups or dietary patterns on health can theoretically lead to recommendations concerning the relationship between diet and diseases which are more easily understood by the lay public 4 . However, whenever possible, foods included in the FFQ should be described separately. In the present study the foods were also grouped although being described individually within each group. Overall, the principal differences between the present list of foods consumed by the adult population of Niterói and the other lists from the national literature center on the description of foods such as meat, fruit and vegetables, as well as fat/sugar-rich foods such as desserts, savory snacks and salted biscuits. The intake of these items may differ greatly in the form and frequency they are consumed in different regions of Brazil.
In the present study, several nutritionally similar foods were grouped under a single item, such as the item "lettuce, watercress/rocket". However, three items were created for the several different types of juice: fresh juice -denoting fruit juices prepared directly from the fruit; processed juice -industrialized ready-to-drink juices; and fruit cordials -representing processed juices which require diluting, including lyophilized and liquid forms.
Some fat-rich foods such as bacon found in many national FFQs were not included due to low frequency intake on the 24hR. Furlan-Viebig & Pastor-Valero 11 considered "bread, cereals, tubers and vegetables" a single group, while the fruit and juice group included foods such as olives and those rich in vegetable oils. The FFQ created by Matarazzo et al. 12 was designed and validated for 26 food items. The food list incorporated in their study comprised items representing a single food, such as beef as well as others representing several foods such as raw vegetables, citric fruits, apples and pears.
The strategy of the present analysis of food intake of the adult population of Niterói included calculating the relative contribution of each of the 143 items (foods/groups) to total intake of energy and macronutrients. Summing the percentage contribution of the foods to energy and macronutrient intake showed that 65 foods accounted for 90% of energy from macronutrients (43 for protein and 52 for fats). Therefore, a list containing 65 foods explained intake of approximately 90% of the total intake of energy and macronutrients in the adult population of Niterói. In the study by Fisberg et al. 16 , the foods list was drawn up based on dietary intake from 24hR in 1,477 individuals (aged older than 20 years) in a probabilistic sample of adults from São Paulo city collected in 2003. The 1,040 different foods reported were grouped in two stages to produce three FFQs for use in epidemiological studies involving adult populations. Only foods whose combined contribution exceeded 90% of total energy and nutrients were retained in the FFQ, producing a list containing a similar number of food items (67) to that determined in the present study.
It is interesting to note that the study by Fisberg et al. 16 found rice to be the greatest contributor to energy intake (16.4%), followed by beef (10.2%) and bread (8.7%). These data were similar to the findings of a more recent Brazilian Household Budget Survey (HBS) 35 , which showed that rice (17.8%), French bread rolls (5.45%) and beef (5.1%) were the greatest contributors to total energy of foodstuffs purchased by the Brazilian population, erroneously called "available energy", since "available" includes items held in family food stocks. The data reveals the consistency between the finding of the cited studies and those of the present study. The items that contributed most to total energy were rice, French bread rolls, black beans and refined sugar (10.52%, 7.45%, 5.69% and 5.35%, respectively). However, the fourth and fifth foods in terms of energy contribution were roasted meat (4.18%) and steaks (3.21%), i.e. 7.39% of the energy content consisted of beef, replicating findings of other studies. Furthermore, the majority of foods included in the 90% energy lists used in the study by Fisberg et al. 16 and in the present study are similar. Divergence in the food lists is most likely to be observed for items with a much lower percentage contribution in macronutrients and higher in micronutrients. Differences for some foods which are specific to particular regions or locales in Brazil are also bound to occur.
The present study involved an innovative analysis compared to previously published FFQs by combining the following four differentiating characteristics: (1) food intake data were derived from a probabilistic and not a convenient sample; (2) intake data were calibrated for the population, correcting for differences in the proportion of men and women in the population; (3) the dietary intake data took into account seasonality; and (4) intake data were drawn from all income brackets of the population. The foods list created in the present analysis closely resembles the lists used by other studies in samples of adults living in urban regions in the country and should be validated for other urban regions in Brazil. Thus, the application of food questionnaires will allow a list of core foods to be produced, with the inclusion of regional foods, for use in urban regions in Brazil. Identifying the similarities and differences in dietary patterns will allow the consistency of findings to be checked and provide a means of embracing Brazil's cultural and regional diversity regarding food profiles, enabling the construction of a national FFQ with regional specificities. 
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